Introduction
For the past 30 some years, Caicos Platform has been an important area for studies of Holocene and Pleistocene carbonate successions and a destination for numerous geoscientists interested in learning about modern carbonate sedimentary systems. During the past few years there has been a renewed interest in understanding the geology of the platform, stemming in large part from recognition in the petroleum industry that more refined reservoir models of carbonate systems are needed both in exploration and development. The impetus for this workshop and this volume was a desire to bring together both present and past Caicos Platform workers with those not familiar with the Platform to share knowledge on the Holocene to Pleistocene sedimentology, diagenesis, platform evolution, and the applicability of the platform as an analogue for ancient isolated carbonate platforms.
This volume includes a broad array of papers and is divided into five sections Larger-scale observations on Holocene sediment distribution and controls on depositional facies are examined in the section on Holocene, Platform-Scale Surficial Sediment and Facies Distribution. Wanless and Dravis (Role of Storms and Prevailing Energy in Defining Sediment Body Geometry, Composition, and Texture on Caicos Platform) interpret Pleistocene and Holocene carbonate sediment bodies on Caicos Platform as being created by a combination of major storm events and prevailing energy conditions. Major, long-period oceanic swells and hurricane surges have built pronounced coastal beach ridges on exposed north-facing margins and elongate reef-rubble lobes within back-reef lagoons. Major hurricane surges have also controlled the distribution and geometry of Holocene platform-interior sand shoals and extensive south-facing peritidal flats, and the depositional fabric of Callianassa-burrowed platform interior grainstones and packstones.
Dravis and Wanless (Caicos Platform Models of Quaternary Carbonate Deposition Controlled by Stronger Easterly Trade Winds -
Applications to Petroleum Exploration) elaborate on the importance of strong, easterly trade winds, specifically to the formation of extensive Holocene shallow-marine, platform-interior, oolitic grainstones and isolated patch reefs. They also describe the relatively unusual interplay of reefs and ooids along Caicos leeward margins resulting from water agitation associated with strong Trade Winds. According to Dravis and Wanless, potential hydrocarbon reservoirs in the form of grainstones exist over much of the platform, in contrast to classical northern Bahamian models where the grainstones are confined to margins. Grainstones are also shed off leeward Caicos margins and may be potential reservoirs in adjacent basins.
Carefully selected and processed satellite images, together with a digital onshore/offshore elevation model, are presented by Harris and Ellis (Satellite Imagery and Visualization of the Caicos Platform). The clearest satellite images of Caicos Platform from 1972 to ~2004 (mostly ~30-meter Landsat TM,) were processed to maximize water penetration and delineation of submerged features. The stack of images, color-coded digital elevation model, and maps were exported out of GIS using the free Adobe Reader and TerraGo's GeoPDF. The authors include several processed images and the elevation model on the DVD accompanying this volume.
Harris and Vlaswinkel (Quantifying Facies Attributes of the Caicos Platform) examine spatial Holocene depositional patterns and quantify the facies attributes (e.g., size, shape, and facies interrelationships) on Caicos Platform using a Landsat image. Reef-associated apron facies were emphasized because of their importance in many isolated-platform reservoirs. Among the authors' conclusions are that platform size and reef abundance are directly related, whereas reefs and associated aprons occupy a smaller percentage of a large platform like Caicos. They also establish probabilities for reef dimensions. Studies such as these can be used to provide more realistic input to reservoir models.
Kaczmarek and Hasiuk (Mapping Surficial Sediment Distributions on Caicos Platform: A Quantitative Approach Integrating Statistical Analysis of Landsat Spectral Data and Field Observation) also pursue the use of Landsat imagery to mapping of surficial sediment distribution. They used Landsat 7 spectral data in conjunction with cluster analysis algorithms and field-collected sediment-sample data to create a surficial sediment texture map for the Caicos Platform. Based on analysis of the images, they conclude that Caicos Platform is heavily grain-dominated, with 7% grainstone, 59% mud-lean packstone, 18% packstone, 5% wackestone, and 1% reef. The remaining 10% consists of exposed Pleistocene islands. At a scale of 28.5 meter, the Landsat-derived facies map has a correlation coefficient of greater than 84% with surficial sediment data, thus showing the utility of this type of approach to mapping sediment types and features on Holocene carbonate platforms.
The section on Holocene Subsurface Studies includes the results of studies based on coring operations and seismic acquisition. Morgan (Holocene Sediments of Northern and Western Caicos Platform, British West Indies) describes sediments and vertical successions from a wide range of Holocene environments on the platform based on cores recovered during push-and vibracoring operations. Together with reported thicknesses, ages, sediment accumulation rates and mineralogy, the core descriptions of this study add a "third dimension" to the surficial-sediment studies of the workshop volume.
Rankey et al. describe studies of sedimentologic and geomorphic variability along the reef-dominated northern margin of Caicos Platform using Chirp data (Integrated Chirp, Remote Sensing and Sedimentologic Characterization of Geomorphic Variability along a Shelf Margin, Northwest Caicos Platform). The variability is interpreted to be the result of the changing hydrodynamics along the margin. The presence of tidal deltas and discontinuous reef on the northwest-facing margin suggest that this margin is more tidally-influenced compared to the northeast-facing margin which has a continuous reef and expansive sand apron, suggestive of a more wave-dominated system influenced by swells from the open Atlantic.
Using 2D The sizable Ambergris ooid shoal (20 km in length) and associated sediments located west of Ambergris Cays on the southeast part of the platform are the subject of study of Rankey and Thiag (Morphology and Sedimentology of Ambergris Ooid Shoal, Caicos Platform). The results of this study illustrate that the sedimentology and morphology of the northern flank of Ambergris shoal (presence of a continuous hardground, less common ooids, and more abrupt bathymetric changes) are markedly different than the southern flank, possibly driven by greater hydrodynamic energy. In addition, the geometry of sand waves that ornament the shoal suggests that it is not simply a windgenerated spit in the lee of the Ambergris Islands and points to a tidal influence.
Dickson and Saller (Caicos Platform Shoals: Formation and Erosion, Turks and Caicos Islands) describe the timing of the formation of Ambergris Shoal and the Mid-Platform Shoals. Ooids with nuclei of quartz grains found in one sample from Ambergris Shoal suggest that the ooids are less than 500 years old because quartz does not naturally occur on the surface of Caicos Platform and its presence is likely the result of human transportation. An "island" in the Caicos Mid-Platform Shoals is now at sea level, with lithified Holocene grainstone beach-like deposits along the margins and lithified grainstones with equant calcite cements, possibly of freshwater origin, at and slightly below sea level in the middle of the island. The presence of freshwater cements suggests that eolian dunes covered the entire island in the past and a large storm apparently removed poorly lithified eolian sands above the water table, leaving meteoric-cemented rocks in the middle and marine-cemented rocks around the margins of the island.
The equilibration of sediments on the north side of Caicos Platform to the effects of Hurricane Donna, which crossed the platform in 1960, is the subject Saller and Katz's study (Erosion and Infilling of Donna Cut, Caicos Platform, Turks and Caicos Islands) . Although the hurricane cut a channel ~700 m wide (Donna Cut) through Water Cay Island, the flow of tidal currents on and off the platform through the channel mixed platform interior sediments with open-marine sediments resulting in the deposition of crossbedded tidal bars composed of bioclasts and ooids that immediately began to fill the accommodation space created by the hurricane. By 1999, beach deposits migrated laterally and completely filled Donna Cut from both sides of the channel, reequilibrating the system to steady state in a geologically brief period of time.
Jones and Awwiller (Depositional Porosity and Permeability Calculated from Modern Carbonate Sediments, Turks and Caicos, British West Indies) contribute new data on the depositional porosity and permeability of modern carbonate sediments -parameters that have, surprisingly, rarely been measured. Tidal flat, lagoon, shoals, and beach sediments were analyzed for texture, composition, mineralogy, grain size, and sorting. Porosity and permeability, using Kozeny-Carman and Lattice-Boltzman algorithms, were calculated on simulated grain packs built from grain-size analyses of the sediments. Porosities and permeabilities calculated for grainstones were 39-42% and 137 to 531 Darcies, depending on the methodology employed (Lattice-Boltzman or Kozeny-Carman). Thirty-one percent porosity was calculated for tidal-flat sediments. This study provides important input data necessary for process-based models used to predict diagenesis in carbonate reservoirs.
In their study, Curiale et al.
(Source Rock Potential of Organic Matter in Caicos Salinas and Tidal Flats, Turks and Caicos Islands)
describe results of geochemical analyses of dark organic material from two sites on the Caicos Platform, a tidal flat in the middle of Little Ambergris Cay and the Great Salina on West Caicos Island. The sample from Little Ambergris Cay was a filamentous cyanobacterial mat, whereas the West Caicos sample was a gelatinous material. The Little Ambergris Cay sample had a total organic carbon (TOC) content of 7.32 wt % and a hydrogen index (HI) of 677 mg/g. The Great Salina sample had a TOC of 4.05 wt % and HI of 694 mg/g. With burial and upon entering the oil window, both of these samples would have excellent potential for generating crude oil.
The last section of the publication, Pre-Holocene Platform Evolution, Sedimentology, and Diagenesis, examines the preHolocene rocks of Caicos and what they can tell us about the platform's evolution and diagenesis. Wanless (Pleistocene Reefal and Oolitic Core Sequences from West Caicos, Caicos Platform) describes how the leeward margin of the platform at West Caicos progressively evolved from an open margin to one blocked by emergent topography, resulting in a dramatic shift in facies. Pleistocene and Holocene reef sequences are each capped by oolitic grainstones, spread across the reefs by longshore beach spit accretion, derived from ooid sources to the north and south. Older Pleistocene units are increasingly recrystallized and cemented, but the youngest retains most of the depositional mineralogy and has little marine or freshwater cement.
The paragenesis of Pleistocene outcrops and the geochemistry of water samples from selected modern environments are described by Jones et al. (An Investigation of Early Diagenesis in an Isolated Carbonate Platform: Caicos Platform, British West Indies) . Early diagenetic products in the Boat Cove Pleistocene upward-
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shallowing succession include the stabilization from aragonite to calcite, cementation, and dissolution (fabric and non-fabric selective), resulting in mostly interparticle and less common isolated, moldic pores and vugs with porosity and permeability (11.1 to 33.3 % and 0.8 to 1341 mD, respectively) significantly lower than depositional values. Waters sampled from several locations including: salinas, shoals, the Central Platform Trough, and the North Caicos tidal flats yielded mesohaline to hypersaline brines, indicating that the potential exists for brine reflux in several Caicos environments. Numerical models of geothermal convection suggest the possibility for geothermally driven calcite cementation around the platform margin and dissolution in the platform interior.
To gain a better understanding of the controls on the development of zones of early cavernous porosity for the purposes of geologic modeling, Guidry et al.
(Metrics of Karst: Quantitative Analyses of Caicos Platform Dolines and Implications for Improved Geologic Modeling of Diagenetic Features)
analyzed the spatial density and metrics of dolines in Pleistocene rocks on Providenciales, as well as their relationship to local fracture orientations. Regression analyses of aspect ratios reveal a good, predictable relationship between doline length and width, and analyses of doline long axis azimuth revealed strong directional controls on doline development, indicating an early diagenetic anisotropy template. Numerical modeling of observed dolines using "change of support" spatial statistics established a density of 1.13 dolines/acre-documenting the abundance of small heterogeneities in carbonate rocks that can potentially impact fluid flow, and implying that early, cavernous porosity development preserved in ancient carbonate successions may be controlled by relatively numerous, small dissolution features not easily resolved by traditional seismic methods.
The last two papers challenge widely held concepts on the larger sale evolution of Caicos Platform. Smart et al. (Past High Sea-stands and Platform Stability: Evidence from Conch Bar Cave, Middle Caicos) describe the Pleistocene multi-chambered Conch Bar Cave-a complex of large, phreatic chambers open to the surface along the southern margin of an eolianite ridge -and their implications for the structural evolution of Caicos Platform. Strong modes present in passage ceiling-elevation data imply that the ceilings indicate past positions of the formative mixing zone or water table. The highest of these is more than 17 m above present sea level and suggests either that there has been uplift of the platform or that past sea levels have been above at this elevation. However, the eastern parts of the cave show submergence while the western parts are dry, consistent with tilting of the platform to the east toward the direction of the open-platform margin. Despite the size (>3 km surveyed passages), the cave's preservation potential appears to be low because it has been intercepted by surface lowering and backwasting of the ridge, and the low mechanical strength of poorly cemented carbonates limits roof stability. Such caves may therefore be only rarely preserved as paleokarst cavities, more commonly being represented by residual cliffed embayments and breccia bodies.
Finally, Kindler et al. (Pre-Holocene Island Geology of the Caicos and Mayaguana (Bahamas) Platforms: Similarities and Differences)
show that two nearby islands in the Bahama Chain exhibit significant differences. Caicos Platform is one large edifice supporting small islands, whereas Mayaguana is smaller and comprises one island covering most of the bank surface. On Providenciales the older substrate consists of oolitic and bioclastic eolianites of middle Pleistocene age, whereas on Mayaguana, oolitic ridges are subordinate to the reefs, and the oldest rock units include altered eolianites containing fragments of benthic foraminifers that became extinct in the Pliocene and fine-grained dolostone of possible middle Miocene age. This difference in the distribution of upper Pleistocene facies could be related to the extent of emerged land on platform tops or to the thickness of the water layer covering the platform during the last interglacial highstand. If confirmed, the pre-Quaternary age of the dolomitic and eolian units on Mayaguana would question some fundamentals of Bahamian geology.
The variety of studies described in this volume show the vibrancy of research that has taken place on Caicos Platform. Yet, clearly, there is much yet to be learned. We hope that this workshop and publication will serve as intermediate-term documentation of research efforts and spur additional studies to better understand controls on sediment distribution, diagenesis, and the evolution of platform growth, thereby furthering Caicos Platform as an analogue for ancient, isolated, carbonate platforms. Consultant, Houston, Texas, U.S.A. e-mail: lloyd.rmichael@gmail In the late 70s it was becoming increasingly difficult to run modern carbonate-sediment seminars in the classic locations of the Florida Keys and the Bahamas. Logistics had always been difficult moving the class from one location to another and weather often controlled the schedule (e.g., if it was stormy on the Florida Reef day it had to be skipped because there was a plane to catch to the Bahamas). The Cat Cay ooid shoals and Three Creeks tidal flat locations in the Bahamas were usually visited using seaplanes chartered from Chalks Flying Service. Increased commercial scheduling by Chalks made it difficult to schedule charters and the planes themselves were getting old and unreliable for field use. Drug traffic passing through the Bahamas also added a security risk. At the same time that field trip logistics were becoming more difficult there was an increased demand for modern carbonate seminars from the oil and gas industry. We decided to look for alternative locations.
HOW IT ALL BEGAN: THE EARLY DAYS OF THE TURKS AND CAICOS FIELD SEMINARS

R. MICHAEL LLOYD
Mike Lloyd recalled that, in the early 60s, while returning from a field trip in Bonaire on a commercial flight from Curacao to Miami, the plane flew over the Caicos Bank on a very clear day. He remembered that, at 30,000 feet, he could recognize all of the familiar depositional facies on the bank (reefs, tidal flats, Pleistocene islands, grainstone bars, etc.) in a very compact setting. At the time, he viewed it as an interesting curiosity and contrasted it with Inagua Island to the west, an almost totally exposed bank, and Silver and Navidad Banks to the east that are partially to totally drowned. We thought that the Caicos Bank might be the alternative site we were looking for.
Knowing nothing about the Turks and Caicos Islands we sent our field trip expediter, Steve Cole, to find out if it was logistically possible. He brought back a very favorable report. Hotels, restaurants, ground transportation, boats, and dive shops were present on Providenciales Island ("Provo"). The area had yet to be "discovered" as a resort destination so merchants were eager for additional business, especially in the spring and summer offseason. We formed a corporation (Flamingo Enterprises, Inc.) and convinced Shell and Amoco to underwrite the costs of course preparation in return for preferred customer status if the seminar proved successful.
Marshaling our combined experiences and guided by aerial photo mosaics, we were able, in two weeks, to gather all of the necessary field "props" (rocks, sediments, cores, photos, etc.) to support a comprehensive seminar. We knew what we needed and we knew where to find it -a validation of the depositional models. At the same time, Steve negotiated agreements for food, lodging, and boat rentals. Back home we prepared a manual and field posters and had the sediment cores impregnated, slabbed, and mounted. In less than six months from our first visit we held a trial run for managers from our sponsoring companies and received their approval to schedule classes for members of their technical staff.
The one difficulty we had in our early trips was getting the class to Provo. At the time, the Provo airport consisted of a 2000 foot mostly gravel runway with no landing lights and a few cinder block buildings. There was no scheduled commercial air service. We brought the classes in by charter aircraft and, because of the short runway, had to land at Grand Turk Island and ferry the group to Provo in T&C Airline Trilander "puddle jumpers". With financial help from the UK, the Turks and Caicos government was upgrading the airport to handle commercial jets. Each year we hoped that this was the year we would be able to land at Provo and at about the third year of running the seminars it finally came to pass.
Once on Provo, the students were checked into their rooms and stayed for the entire seminar. None of the field locations were more than an hour's boat ride from the hotel and most substantially less. It allowed us to have long field days and still return to the hotel at a reasonable hour. Because the seminar was designed for professionals in the oil and gas business, at the end of the day, we did not leave the students with Modern sediments as their final impression. After showers and clean up we met on the patio with a "cool one" of choice and discussed subsurface examples of the depositional models they had seen that day.
